In order to mark Triatoma brasiliensis, the vector of Chagas disease in Brazil, two chemical compounds, rubidium chloride (RbCl) 
Chagas disease, also called American trypanosomiasis, is often considered a disease of poverty that mainly occurs in rural areas in the Americas, from the southern part of the USA to Argentina and Chile. The etiological agent of Chagas disease is the flagellate protozoan Trypanosoma cruzi, which is commonly transmitted to humans and other mammals by the blood-sucking insects of the subfamily Triatominae. Currently, from the approximately 140 described triatomine species, 61 of them are located in Brazil, where the richness of the biome contributes to insect diversity throughout the country (Galvão et al. 2003) . Similar to any other infectious disease transmitted by vectors, the study of the biology of this insect and its vectorial capacity is a powerful tool to enhance the knowledge about Chagas disease transmission dynamics.
Triatoma brasiliensis is considered the main vector of Chagas disease in the Northeast Region of Brazil, where it colonises both sylvatic and domestic environments, but is more frequently collected in peridomestic areas (Sarquis et al. 2004 , Almeida et al. 2008 , de la Fuente et al. 2008 , Gonçalves et al. 2009 . T. brasiliensis is usually widespread throughout sylvatic ecotopes, particularly in rock piles associated with a wide range of small mammals (Alencar 1987) . In the peridomestic environment, it is fre-quently found in places such as goat and sheep corrals, pigpens and chicken coops. Inside dwellings, T. brasiliensis finds suitable hiding places in crevices in mud-brick walls, in dark places among boxes, behind pictures, in beds and in roofs (Rozendaal 1997 , Sarquis et al. 2006 .
Field studies regarding Chagas disease vector biology are scarce. For instance, studies on triatomine movement have been largely based on molecular and indirect approaches such as microsatellite markers and Random Amplification of Polymorphic DNA rather than on direct estimates from mark-release-recapture experiments (Borges et al. 2005 , Noireau et al. 2005 , Dumonteil et al. 2007 , Richer et al. 2007 , Harry et al. 2009 , Cortez et al. 2010 . Some studies have considered the active dispersal or flight activity of adult Triatoma infestans, which until few years ago used to be considered the main vector of Chagas disease throughout the southern part of Latin America (Lehane & Schofield 1981 , Schweigmann et al. 1988 , Schofield et al. 1992 , Noireau 2009 ). On the other hand, even less is known about nymph dispersal activity, a neglected subject that has relevant implications for vector use of sylvatic, peridomestic and domestic environments and consequently for disease dynamics. We believe that the main reason for this lack is the absence of a simple, reliable and direct method to mark triatomines (especially nymphs) in their natural habitat.
One of the most frequently used trace element markers for insects is the chloride (Cl) form of rubidium (Rb) (RbCl). Rb is an alkali metal that is non-toxic to plants, insects and other animals (Kimsey & Kimsey 1984 , Anderson et al. 1990 ). There are several techniques to mark insects with Rb, each one with their own advantages and disadvantages. Rb can be sprayed on host plants to mark phytophagous insects, added to the water in which insect larvae are reared or to artificial diets or injected into vertebrate hosts and subsequently detected in the body or eggs of haematophagous insects that blood fed on them (Hagler & Jackson 2001) . Despite the potential role of chromium chloride (CrCl 3 ) in marking insects, this putative marker remains underexplored. Instead, RbCl has been largely used as a marker for the study of several biological parameters of blood-sucking vectors, from feeding and oviposition behaviours to dispersal estimates under field conditions (Kimsey & Kimsey 1984 , Anderson et al. 1990 , Holbrook 1995 , Reiter et al. 1995 , Maciel-deFreitas et al. 2004 . For instance, Reiter et al. (1995) monitored Aedes aegypti dispersal during oviposition in Puerto Rico after labelling female eggs with RbCl.
In order to address nymph ecology under natural conditions, we evaluated the efficiency, reliability and persistence of marking T. brasiliensis nymphs with RbCl and CrCl 3 . We also investigated the possible effects that this marking may have on the longevity, survival and fecundity of marked insects and assessed if Cr marks also persists in the eggs laid by females that developed from marked nymphs.
SUBJECTS, MATERIALS AND METHODS
Triatomines -The T. brasiliensis used in this study were derived from a field collection that was previously carried out in an endemic area situated in the rural semiarid region of Jaguaruana, state of Ceará, Northeast Region of Brazil (4º50'14''S 37º46'55''W). The nymphs and adults used in the experiments were the F1 generation of field-collected specimens and were raised and maintained in the laboratory at 28.6 ± 2.7ºC and 77.7 ± 10% relative humidity.
Persistence of RbCl in triatomines -In order to address the persistence of RbCl in T. brasiliensis nymphs, we offered defibrinated sheep blood mixed with 0.025 M RbCl at 37ºC to 400 triatomines from the N2-N5 stages (100 individuals per stage: N2 = 77, N3 = 40, N4 = 32, N5 = 50) for 60 min by means of an artificial feeding apparatus (Rutledge et al. 1964 ). RbCl at a concentration of 0.025 M has been previously used to mark mosquitoes, such as Ae. aegypti and Aedes albopictus, and we assumed that the same concentration would be effective for triatomines as it was to mosquitoes (Maciel-deFreitas et al. 2004 . All triatomines that had been visually confirmed to have fed on the blood with 0.025 M RbCl were recorded. These triatomines were kept together in plastic vials with folded filter paper (10 x 15 cm) and nylon mesh covers. The persistence of 0.025 M RbCl marking was assessed by randomly sampling five individuals from each vial per week, starting one week after blood feeding and ending when no triatomines were left for sampling. Subsequent Rb-free blood feedings were offered every 15 days using the same method described above.
Ideal concentration and persistence of CrCl 3 -Because no published studies used CrCl 3 to mark bloodsucking vectors, we first had to assess the ideal concentration to mark triatomines. With that aim, we offered defibrinated sheep blood mixed with the following CrCl 3 concentrations to 30 N3 nymphs: 10 were fed with 0.0001 M, 10 with 0.0007 M and 10 with 0.0015 M. Seven days later, individuals were evaluated to be either positive or negative for Cr.
After optimising the concentration of CrCl 3 to mark the triatomines, we evaluated its persistence in the vector body by offering defibrinated sheep blood mixed with 0.0015 M CrCl 3 to triatomines from the N2-N5 stages (N2 = 65, N3 = 85, N4 = 65, N5 = 50). We used the same sampling procedure as described for Rb.
Impact of CrCl 3 on triatomine biology -For the subsequent experiments, recently hatched T. brasiliensis first instar nymphs were fed with a mix of blood and 0.0015 M CrCl 3 , and the engorged nymphs were monitored daily until the nymphs died or became adults. Through this procedure, we were able to determine the development time of marked and control insects from the first instar nymph (N1) stage to the adult stage. We also recorded adult longevity and determined survival curves. Female insects that survived to the adult stage were monitored to determine their fecundity. In this experiment, 125 N1 insects were in the control group and 128 N1 insects were in the experimental group.
Longevity and survival -Triatomines were monitored daily to assess insect mortality. The lethal time 50 (LT 50 ) value, when 50% of the triatomines had died, was compared between the experimental and control groups using a t-test. Survival curves of Cr experimental and control groups were compared using a log-rank test, a nonparametric test for the comparison of the survival curve of two or more groups (Kleinbaum 1996) . After initially checking with a Shapiro-Walk test, we used a nonparametric test to show that the mortality data was not distributed normally (W = 0.847, p < 0.001). Survival data was analyzed with XLSTAT 2010.4 software.
Development time -The time spent between each moulting stage during the triatomine life cycle was recorded and compared using an unpaired t-test with Welch correction due to the unequal variances between groups.
Fecundity -The number of eggs laid by adult females that were marked with CrCl 3 as nymphs were recorded and comparisons between groups were performed using an unpaired t-test.
RbCl and CrCl 3 detection -For the detection of RbCl and CrCl 3 , each triatomine was individually heated to 100ºC in 2 mL of 65% nitric acid. Each sample was examined in an atomic emission spectrophotometer at a wavelength of either 780 nm (Rb) or 267.72 nm (Cr) (ICP Optima 3300 DV Perkin Elmer) after complete evaporation of the acid and addition of 1 mL of distilled water. In order to calibrate the spectrophotometer, three triatomines from the colony, i.e., free of Rb and Cr, were used as controls after every 10 samples. Mean absorbance values and standard errors for the controls were used to estimate a confidence interval (α = 0.01). Triatomines from the experimental group whose absorbance values were higher than the limit calculated above were considered positive for RbCl or CrCl 3 labelling.
CrCl 3 detection in T. brasiliensis eggs -The egg batches laid by marked adult females were tested for the presence of Cr against egg batches from the control group. The egg batches varied in size, from 2-32 eggs. Due to this difference, before performing an unpaired t-test to compare the mean absorbance values in the experimental and control batches, we corrected the absorbance values observed by dividing batch absorbance by the number of eggs in each batch.
RESULTS

Aspects of 0.025 M RbCl marking -
The frequency of the Rb-positive insects varied significantly between stages, ranging from 2.5% in N3-70% in N2 (Table I ). The highest RbCl persistence was observed in N2; five N2 insects were still positive 98 days post blood meal (pbm). However, these results were highly variable between triatomine stages, suggesting an inconsistency in 0.025 M RbCl efficiency and persistence.
Ideal concentration of CrCl 3 -Significant differences were observed between the three CrCl 3 concentrations tested. In the 0.0001 M and 0.0007 M treatments, we observed that only two (20%) and three (30%) N3 triatomines were positive, respectively. However, all N3 individuals (N = 10) that received 0.0015 M CrCl 3 were positive one week pbm. Therefore, to evaluate the persistence and impact of CrCl 3 in the subsequent experiments, only 0.0015 M CrCl 3 was used.
Positivity and persistence of 0.0015 M CrCl 3 -We offered 0.0015 M CrCl 3 to 265 nymphs from N2 to N5 to investigate the persistence of this marker in T. brasiliensis, but only 173 individuals were engorged with blood plus Cr (Table II) . We observed an increase in nymph positivity to CrCl 3 in relation to insect life cycle, from 61.5% in N2 to 93% in N5. CrCl 3 marking was highly persistent in triatomines; N3 individuals were positive up to 119 days pbm (Table II) .
Longevity and survival -The survival curve of Crmarked insects was significantly different from control insects (log-rank = 12.1, df = 1, p < 0.01) (Figure) . This result suggests that Cr marking may decrease triatomine survivorship. This hypothesis is reinforced by our observation that the LT 50 was higher in control insects than in marked insects (LT 50 Cr-marked: 53 days; LT 50 control: 98 days). The maximum longevity of the experimental and control groups was 357 and 358 days, respectively.
Development time -Overall, the time spent between moulting stages was higher in the individuals marked with CrCl 3 than in the controls (Table III) . However, this difference was only significant in N2; marked individuals remained in N2 for 34.4 ± 4.5 days and controls remained in N2 for 43.2 ± 12.9 days (p = 0.011).
Fecundity -A total of 26 female triatomines reached the adult stage and had their fecundity monitored. Females from the control group laid 156.1 eggs, while those from experimental group 135.6 eggs; this difference was not statistically significant (t = 0.648, df = 9, p = 0.533).
CrCl 3 detection in T. brasiliensis eggs -We detected
Cr in 100% of the egg batches of marked females, reinforcing the potential role of CrCl 3 as a persistent marker of T. brasiliensis.
DISCUSSION
A wide variety of marking techniques has been used to estimate the biological parameters of medically and agriculturally important insects (Hagler & Jackson 2001 , Silver 2008 . In order to evaluate their usefulness, they must have an acceptable duration in the organism, their application must not affect the behaviour of the organism, (e.g., altering their chances of being killed by predators) and the released insects must become thoroughly mixed with the local non-marked population (Southwood 1978) . In this report, we evaluated the persistence and efficiency of 0.025 M RbCl and 0.0015 M CrCl 3 to mark T. brasiliensis nymphs. Trace elements have been successfully used to mark at least eight orders and 30 families of insects, with RbCl being the most frequently used marker (Hagler & Jackson 2001 , Maciel-de-Freitas et al. 2004 . However, our results showed that RbCl had a very variable positivity and a decreasing persistence with the stage of T. brasiliensis. Only individuals marked as N2 presented a satisfactory positivity, while less than 15% of individuals marked as N3 and N4 maintained their positivity. The failure of RbCl to be used as a marker of T. brasiliensis was unexpected due to the large reported history of this trace element in marking both phytophagous and haematophagous insects (Hagler & Jackson 2001) .
A relatively high frequency of positive N2-N5 triatomines was obtained with 0.0015 M CrCl 3 . The increase in positivity in N2-N5 insects may be easily explained; large (N4-N5) individuals probably consumed larger blood meals and, thus, ingested more Cr than small (N2-N3) individuals (Hagler & Jackson 2001) . In addition, the Cr marker also presented high persistence in T. brasiliensis. Due to the high frequency of positivity combined with the high persistence observed for the Cr marker, we conclude that CrCl 3 is a potentially useful tool to mark triatomines. In fact, its high persistence (around 3-4 months pbm) allows for the design of mark-release-recapture experiments to study the population dynamics of T. brasiliensis in the field. Mark-release-recapture experiments are powerful tools to explore aspects of triatomine vector biology, such as insect survival, dispersal and movement to or from endemic areas (Lehane & Schofield 1981 , Schweigmann et al. 1988 , Schofield et al. 1992 .
One possible drawback of using Cr as a marker in field conditions is that marking with this trace element was found to negatively affect the survival of T. brasiliensis. However, triatomines have a long lifespan in comparison to other disease vectors; sometimes adults live for two years (Oliveira et al. 2009 ). Therefore, this shortcoming is probably not sufficient to jeopardise the applicability of a mark-release-recapture experiment to determine aspects of vector biology under field conditions in endemic areas. The ingestion of a significant amount of Cr possibly alters triatomine metabolism. The injection of Cr has been shown to change the activity of antioxidant enzymes, such as superoxide dismutase, catalase and guaiacol peroxidase, in the insect Oxya chinensis (Orthoptera: Acrididae), increasing oxidative stress and, consequently, insect mortality (Li et al. 2005) . The biochemical or molecular reasons for the decrease in the survival of Crmarked T. brasiliensis compared to the control insects remains unclear, but an extrapolation from data gathered on O. chinensis seems reasonable (Li et al. 2005) .
With the exception of N2, the time spent by Crmarked triatomines in each moulting stage was statistically similar to controls and in laboratory controlled experiments that measured this variable (Oliveira et al. 2010) . The difference observed only in N2 individuals is difficult to explain. Although Cr-marked insects often had a slower development time than controls, this difference was not statistically significant. Overall, we can assume that Cr increased T. brasiliensis mortality, but those vectors that survived presented a slight modification in their development time.
The two trace elements used in these experiments to mark T. brasiliensis (Rb and Cr) produced different results when mixed with blood and ingested by triatomines. RbCl showed low persistence and no reliability. On the other hand, the results from the CrCl 3 experiments were more consistent; the frequency of positivity was high, the marking persisted up to 119 days pbm, the development time was not seriously affected and the adult fecundity remained unaltered. The 100% persistence of the marker in the egg batches laid by females marked as nymphs may contribute to the long-term presence of Cr in the studied area. However, Cr-marked individuals had a significant decrease in their lifespan. Because mark-release-recapture experiments are extremely useful for the evaluation of biological parameters of vector ecology, the limitations of the Cr-marking method due to decreased survival rate can be disregarded. 
